Eriocnema fulva Naudin is a perennial herb, endemic to Minas Gerais state, SE Brazil, found on humid, shaded rocky riverbanks in montane semideciduous seasonal forests. The species is threatened, but information regarding its biology is still lacking, although such information is fundamental to any management plan. We aimed to evaluate the reproductive system of Eriocnema fulva in the Jambreiro Forest (19° 58'-59' S and 43° 55'-52' W, 800-1100 m altitude), municipality of Nova Lima, by experiments carried out in 1997 and 1998. The flowers are white, and flowering is of the steady state type, occurring once a year from November to December. Anthers are poricidal, and pollen is the only resource for visitors. The chromosome number is n = 17 during meiosis. The species is self-compatible, but does not produce fruits by spontaneous self-pollination or agamospermy; it requires pollen vectors and buzz pollination in order to produce fruits. Cross-pollination is the main reproductive strategy of E. fulva, and is accentuated by the small number of flowers (one or two in each plant) opened per day. Although the population studied was shaded by forest canopy, the seeds needed light to germinate. Germination ratio was lower in germination cabinet on filter paper (14% after 30 days) than in greenhouse on soil brought from the forest (47% after 25 days). Although the fruit is a capsule and the seeds are small, dispersion (anemochory or hydrochory) does not seem to occur at long distance, as it is the case for other Melastomataceae species with similar syndrome.
Introduction
The family Melastomataceae has nearly 4500 species (Stein and Tobe, 1989) , of which more than 3000 species in 107 genera occur in the Neotropics (Renner, 1989) . The genus Eriocnema Naudin belongs to the tribe Miconieae (Fritsch et al., 2004) and has two species: Eriocnema fulva Naudin, 1844 and Eriocnema acaulis Triana, 1871 (Cogniaux, 1883) . Both species have restricted geographical distribution, occurring as groups of plants on rocky riverbanks alongside shaded water streams in semideciduous seasonal forests in southeast Minas Gerais state, southeast Brazil.
The first collection of E. fulva was carried out by European botanical expeditions to the interior of the Brazilian countryside in the middle of the XIX century (Cogniaux, 1883) . After that, it was collected by Badini (1940) in the municipalities of Ouro Preto and Sabará and by Andrade (1993) in the municipality of Nova Lima, all sites in southeast Minas Gerais state. Although it is included in the endangered species list for the state of Minas Gerais (Copam, 1997) , there is no information regarding its biology or reproductive system, topics which are essential for planning conservation and management actions.
The existing literature on the Melastomataceae family describes a wide range of reproductive systems, dispersal mechanisms, and habitat preference. Species may be self-compatible or self-incompatible, and there are cases of agamospermy and hybridization between sympatric species (Renner, 1986 (Renner, /1987 (Renner, , 1989 (Renner, , 1990 Borges, 1990; Gross, 1993; Goldenberg, 1994; Melo and Machado, 1997, Goldenberg and Varassin, 2001) . Despite these differences, Melastomataceae species show similarity in their "buzz" type pollination systems, because flowers are visited almost exclusively by bees that vibrate poricidal anthers when collecting pollen for their larvae (Vogel, 1978; Buchmann, 1983; Renner, 1984 Renner, , 1989 .
Interest in the study of reproductive systems is not new (Fryxell, 1957) and, in tropical environments, obligate cross-fertilization has been considered a main strategy in plants (Bawa, 1974 , Ruiz and Arroyo, 1978 , Sobrevila and Arroyo, 1982 , Bawa et al., 1985 , Bullock, 1985 . The reproductive strategy of a species affects its population size and the distribution of genetic variability within and among populations (Lande 1988 , Menges, 1991 . Reproductive systems of plants have been identified as the main factor influencing the genetic structure of populations (Loveless and Hamrick, 1984) , and are important for systematics (Anderson et al., 2002) . The objective of this study was to investigate the reproductive system of E. fulva, in relation to other species in the Melastomataceae family, thereby contributing to the understanding of the mechanisms involved in the survival of its populations.
Material and Methods

Study area
This study was performed in the Jambreiro Forest (912 hectares), in the central-southeast region of Minas Gerais state, between 19° 58'-59' S and 43° 55'-52' W, in the municipality of Nova Lima, in the metropolitan region of Belo Horizonte. The region of Nova Lima is located in the São Francisco basin, in the Quadrilátero Ferrífero (a region with ferruginous ore sites), which is drained from north to south by the river Rio das Velhas and its tributaries (Alves, 1988 ) predominate during the hottest period (October to March), the mean annual temperature is 18 °C, mean maximum temperature is 21 °C, and the mean minimum temperature is 14 °C (Alves, 1988) . The soil is dystrophic Cambisol (Cetec, 1983) , and the altitude varies between 800 to 1100 m, with an undulating topography. This study was conducted in an area adjacent to the water stream Ribeirão do Cardoso, also named Córrego do Carrapato, at an altitude of 850 m (Plambel, 1977) . The Jambreiro Forest is limited to the north by the Serra do Curral mountains, and by the iron mines of the Minerações Brasileiras Reunidas; and to the southeast by several plots of land and pasture near the city of Nova Lima. The terrain on which the Jambreiro Forest occurs belongs to the company Minerações Brasileiras Reunidas (MBR), and in August 1998 it was protected as a Reserva Particular do Patrimônio Natural (RPPN -private reserve of natural patrimony), a form of land conservation in Brazil.
Vegetation
The local vegetation is montane semideciduous seasonal forest (Veloso et al., 1991) , with a canopy of 10-20 m height and some emergent trees. Frequent species are: Sclerolobium rugosum Mart. ex Benth., 1850; Inga luschnathiana Benth., 1845; Croton echinocarpus Baill., 1864 and Anadenanthera colubrina (Vell.) Brenan., 1955; Cecropia pachystachya Trécul., 1847; C. hololeuca Miquel., 1853 and C. glaziovi Snethl., 1923 are also abundant and highly visible, standing out of the overall forest physiognomy (Andrade, 1993) .
Species studied
Populations of E. fulva are found in very characteristic habitats, on humid and shaded rocky riverbanks. In the Jambreiro Forest reserve, they are found discontinuously alongside 3 km on riverbanks of the Carrapato stream, where they do not associate with other species, except for mosses and ferns (personal observation).
E. fulva is a perennial iteroparous species; the young plants are herbaceous rosettes while the adult plants are prostrate, having a single stem, which can reach approximately 70 cm length (Figure 1 ). According to Raunkiaer's (1934) plant life form classification, this species can be classified as rosette hemicryptophyte in its young phase and as chamaephyte in its adult phase, with its stem hanging from the rock walls. Leaves are opposite, oval in shape and cordiform at their base, puberulous and with curved veins. Each plant usually displays leaves of many different lengths, and since the plant is fixed by the roots and its stem hangs down from the rock wall, the smallest and the largest leaves are found on the upper and lower parts of the plant, respectively. While the smallest leaves are erect, the largest leaves hang from the stem with the aid of their long petiole. The number of leaves varies from ten or less to up to around eighty leaves in the largest plants. The petioles are covered with reddish hairs, and range from 0.5 to 30 cm long. The stem is reddish-brown and densely covered with hairs; it may take the shape of a straight line, like an "I", or may bifurcate at the distal portion, like a "Y." Reproductive individuals may have a stem of variable length, or may not have a stem at all (personal observation).
The fruit is a velatidium capsule, with numerous small (approximately 0.9 mm in length) tenuously reticulated and shiny seeds (Baumgratz, 1983 (Baumgratz, -1985 , which have a translucent structure, resembling an air pocket (personal observation - Figure 1d ). Melastomataceae species with capsular fruits are usually dispersed by wind (Renner, 1989) .
Field methods
E. fulva was found occurring as groups of plants on rocky walls (phyllite) alongside shaded streams throughout the study site. The reproductive system was investigated through direct observation and experiments (Renner, 1989) . The following experiments were performed during the reproductive period of 1997 and repeated during the reproductive period of 1998: a) Spontaneous self-pollination -floral buds were bagged with tulle before anthesis and kept this way until complete flower senescence (falling of petals); b) Self-pollination (autogamy) -floral buds were bagged before anthesis and, after anthesis, the stigma received pollen from the same flower; then, flower buds were bagged again until falling of petals; c) Cross-pollination (xenogamy) -floral buds were emasculated and bagged before anthesis and, after anthesis, the stigma received pollen from flowers of different individuals; then, flower buds were bagged again until falling of petals; d) Agamospermy -floral buds were emasculated before anthesis, bagged and not pollinated; they were kept bagged until falling of petals; and e) Control (pollination under natural conditions) -Flowers from several plants were observed without being subjected to any type of treatment. At least 30 flowers were used in each treatment. Flowers in all treatments were marked with colored flagging tape and observed until the fruit was completely developed.
During anthesis, we observed the stigma, checking for visually noticeable changes in order to define the period of receptivity. We recorded the time at which the flower opened and closed, as well as the time interval the flower remained open, the number of flowers opened per day in each plant and the duration of the flowering period of each plant. For manual pollination, pollen was taken from anthers and placed on glass slides onto which the stigma was then rubbed. In order to verify pollen viability, floral buds were collected from 10 different individuals. The buds were fixed in ethanol:acetic acid (3:1, v.v -1 ) and stored in 70% alcohol in the freezer. Pollen was inspected under an optical microscope, on a glass slide, onto which one drop of acetic carmine 1.2% (Medina and Conagin, 1964) was added. In each slide approximately 100 grains of pollen were analyzed, totaling 1000 grains of pollen for all slides. Viable pollen grains displayed well-stained and reddish cytoplasm. This same method was used to determine the number of chromosomes in young floral buds (Medina and Conagin, 1964) . The results of the controlled pollination experiments were obtained after one or two months, when fruits were fully developed. Fruit growth was observed monthly in 1998 and 1999 in order to verify the presence of seeds.
In order to identify floral visitors, observations were conducted from 8 to 16 hours, as in Gross (1993) , in a total of 60 hours, during the maximum flowering period in 1999 (November-December).
We collected fruits from other populations of the same species, and sent them to the Seção de Sementes of the Instituto Agronômico of Campinas, for seed germination tests. The following treatments were applied: a) constant temperature of 20 °C under alternate periods of 8 hours light and 16 hours dark; b) dark, with alternating temperatures of 15 °C (16 hours) and 20 °C (8 hours); c) continuous light at 30 °C; d) continuous dark at 30 °C; and e) continuous light at 20 °C. For all treatments two replications of 25 seeds each were used, with the exception of continuous light, which was done with a non-determined amount of seeds. The seeds were put to germinate on two sheets of filter paper moistened with nistatin solution (100 units.mL in July 1997 and were concluded in September 1997. Germination tests were also conducted in a greenhouse using organic soil collected nearby in the forest, without controlling light or temperature conditions. To perform the germination tests in the greenhouse we collected fruits in May and September 1999. The number of seeds was counted in six capsules collected from four individuals in August 1999.
Results
Flower characteristics
The first floral buds appeared at the end of October in both years of observation. The most intense period of flowering lasted for a month, beginning in midNovember and lasting until mid-December in both years of observations. Sparse flowering occurred both before and after this period. The flowering period was relatively long (nearly 45 days).
The inflorescence is a variation of the umbrella type, and is born at the leaf axil. Each inflorescence had from three to 30 flowers, but inflorescences with few flowers were more frequent. Each plant could have three or four inflorescences, but individuals with two or, predominantly, one inflorescence were more common.
The flowers are white with five petals and 10 stamens bearing yellow poricidal anthers; the gynoecium has a long whitish style (Figure 1 ). The only attraction to visitors is pollen. The anthesis did not present a specific schedule, occurring during the day or night. In each plant one or two flowers opened daily. The duration of a flower, from the beginning of anthesis until complete senescence, represented by the falling of petals, was four days. The mostly likely fertile period was two days. It was not possible to detect the receptivity of the stigma, which is small and punctiform and does not show any visible sign that could be interpreted as indicating receptivity. At the beginning of the anthesis the stamens are folded, and unfold slowly to the end of the anthesis. The complete anthesis, from the beginning of the opening up to the complete unfolding of the stamens, occurred in 24 hours. We observed anthesis occurring in the morning, afternoon and night. Around 96.21 ± 3.42 % (mean standard deviation) of the 6,600 grains of pollen examined were viable, thus indicating that the meiotic process occurs regularly. The chromosome number encountered during meiosis was n = 17 (Figure 2 ).
Reproductive system
E. fulva has sexual reproduction and is self-compatible (Table 1) . Vegetative propagation was not observed. Fruits were not produced in the treatments of agamospermy (emasculated) and spontaneous self-pollination (Table 1 ). These results show that E. fulva is not apomitic and that spontaneous self-pollination does not occur under natural conditions.
Floral visitors
We witnessed two types of bees visiting flowers. One type was of the genus Trigona while the other, not identified, was 1 cm length, had a metallic-green abdomen and flew very rapidly. Both species made quick visits. Floral visitors were not present in most of our observations. Stamens were destroyed frequently, possibly by Trigona sp. We also observed predation of the petal edges.
Fruits and seeds
The fruit, a velatidium capsule, is approximately 0.5 cm length, the number of capsules per plant was 18.46 ± 17.61, and the mean number of seeds per capsule was 130.84 ± 66.82. We observed that, frequently, the peduncle of the inflorescence and the flower pedicels curved when they dried up and the capsule touched the rocky riverbank. Under these circumstances, when the fruit ripened, the capsule opened and gradually released the seeds. Many seeds adhered to the substrate immediately below the capsule, germinated in the place they fell and it was possible to see many seedlings near the parent plant. In the laboratory, seeds germinated only in the treatment of constant 20 °C in alternating 8 hours light and 16 hours dark. Fourteen percent of the seeds germinated in this treatment after 30 days. Seeds did not germinate in constant dark or constant light or in higher temperatures. Hence, we may infer that they are positive photoblastic and heat-sensitive. In the greenhouse, seeds from fruits collected in May 1999 germinated after two months; while seeds from fruits collected in September 1999 germinated after 25 days. In this second experiment, 47% out of the 315 seeds germinated.
Fruits with viable seeds occurred during a long period throughout the year. During the flowering period in December, some fruits with seeds from the last reproductive event were still present. Capsules with seeds were observed on plants even 15 months after fruit ripening.
Discussion
The flowers of E. fulva may be classified as open (Faegri and Van Der Pijl, 1971) , actinomorph, nontubular with reproductive structures in the center. Flowering of this species fits in the steady state pattern (Gentry, 1974) , in which the plant has a long flowering period and opens a small number of flowers per day. Pollen is the only attraction to floral visitors, and anthers are poricidal. Melastomataceae flowers that offer only pollen as resource are pollinated exclusively by vibratory bees (Renner, 1989 (Renner, , 1990 ). Although we had performed 60 hours of observation, the bee with the metallic-green abdomen (probably Hallictidae) was observed on only three occasions. Probably, this is the visitor that vibrates the anthers to remove the pollen, and acts as the pollinator of E. fulva. Trigona bees observed on flowers of E. fulva did not enter in contact with the stigma and are incapable of vibrating the anthers, but do pillage pollen (Renner 1983 (Renner , 1989 ). We did not observe any insect feeding upon the anthers, yet we frequently found damaged anthers.
E. fulva is self-compatible, a conclusion supported by the formation of fruits in both self-and cross-pollination treatments, but requires specialized pollinators due to buzz pollination syndrome. The null result in the treatment "spontaneous self pollination" confirms the need for a pollinator to fruit set, and agrees with results found in other sexual Melastomataceae species (Renner, 1989) . Further studies regarding the pollination biology of E. fulva are necessary in order to identify its pollinator.
Fruit set may be influenced not only by the number and efficiency of pollinators but also by the reproductive system of different species. A great variation of fruiting has been observed among different species of Melatomataceae, varying from 8.3 to 90.9% (Renner, 1986 (Renner, /1987 Gross, 1993; Melo and Machado, 1997; Goldenberg and Shepherd, 1998; Goldenberg and Varassin, 2001) . The low fruit set of E. fulva could be due to failures in the manipulation of flowers or to low availability or efficiency of pollinators. Fruit set in natural conditions was intermediary between that observed in geitonogamy and xenogamy experiments, thus indicating that pollinator availability may be a restraining factor. Since E. fulva has no apomixy and no spontaneous self pollination, its reproduction capacity relies entirely upon pollinators.
The presence of capsules with seeds during long time confirms the pattern observed in other species of this family. The capsules of Melastomataceae are generally robust and remain on the plant for many months during which seeds are gradually released (Renner, 1989) . In E. fulva capsules with seeds were observed 15 months after fruit ripening. Seeds are very small and probably could be dispersed by the water stream or by wind. Nearly 40% of the neotropical Melastomataceae have capsule-type fruits and wind-dispersed seeds (Renner, 1989) . However, Melatomataceae tribes with capsular fruits have much more species in savannas than in forests, and zoochory is more efficient than wind in the latter (Renner, 1989) .
Long distance dispersal may not be efficient in E. fulva, since the infructescence peduncle and the fruit pedicel bend in such a way that the fruits touch the ground; the seeds are slowly liberated and may germinate nearby. Many seeds of E. fulva adhere to the substrate immediately below the capsule and germinate, thus producing many seedlings near the parent plant, and this suggests a restriction to seed dispersal. We suggest also the possibility of ballistic dispersion by rain drops for E. fulva, as reported for understory herbaceous Melastomataceae species with broadly conic capsules of the tribe Bertolonieae (Renner, 1989) .
Both light and temperature are very important to successful seed germination of Melastomataceae in general (Andrade, 1995) . The results of the laboratory germination tests were expected according to the environment in which E. fulva populations occur, that is, in humid, shaded rocky riverbanks under the seasonal semideciduous montane forest with mild temperatures. The seeds are heat-sensitive and do not germinate in high temperatures, that is, around 30 °C. They are also positive photoblastic, requiring light to germinate and establish, but requiring also alternation between light and dark periods. This alternation could simulate the conditions of light and shadow in the forest understory. The germination ratio of E. fulva on filter paper in laboratory was small, but it was even smaller (1%) in Bellucia (Renner, 1986 (Renner, /1987 . The germination ratio of E. fulva was greater in the greenhouse on soil from the forest, thus suggesting the need for soil special conditions. E. fulva, like most Melatomataceae species with capsules, has a large number of seeds per capsule. It is possible that this abundance of seeds functions as a compensating mechanism, aiding in the survival of the species by raising the chances that more seeds will find suitable habitats (Renner, 1986 (Renner, /1987 .
There is little information on chromosome numbers in Melastomataceae as a whole (Renner, 1989) . The chromosome number of E. fulva (n = 17) is so far unpublished and certainly will contribute to place the genus in the correct tribe. Eriocnema was initially placed in the Microliceae tribe (Renner, 1989) , in which the chromosome numbers are different: n = 10, 11 or 12 (Almeda 1997). Based on phylogenetic analysis considering morphological and molecular data sets (DNA sequences from the intron of the chloroplast gene rpl16), Fritsch et al. (2004) placed this species in the tribe Miconieae, in which there are several species of Miconia and Clidemia with n = 17 (Goldenberg and Shepherd 1998) .
In plant-pollinator interactions, the distance between neighboring plants seems to be the most important factor for successful pollination (Kunin, 1997) . Since E. fulva is self-compatible, the efficiency of cross-pollination may also be determined by the behavior of the pollinator, by the spatial distribution of the individuals within the plant population, and by the number of flowers simultaneously available on each plant. Each E. fulva plant opens only one or two flowers per inflorescence per day, thus the number of flowers available for geitonogamy is small. Moreover, few individuals have more than one inflorescence. Since the daily flower production is low and the flowering is asyncronic among plants, pollinators would visit few flowers in each plant and move intensively between the plants. Therefore, the pollen flow occurs primarily between plants, thus favoring xenogamy (Campbell, 1985) Cross-pollination provides at least two vital advantages: first, the production of new gene combinations, which may help new individuals to cope with varied environments; second, genetic recombination prevent the expression of deleterious genes and enhance survival probability (Proctor et al., 1996) . However, to address more fully these issues and their consequences, studies involving the pollen flow between individuals of E. fulva should be performed.
Why may self-compatibility be advantageous to E. fulva? The advantages of self-compatibility occur when new populations are formed by only one or a very few individuals (Wells, 1979) . In such cases, cross-pollination is impossible, due to the lack of other individuals of the same species in the vicinity. Probably, through selfcompatibility E. fulva can obtain higher establishment success alongside streams. At these sites, reproduction would only be possible if pollinators traveled long distances or if plants were self-compatible. Since E. fulva occurs as small discontinuous populations along at least 3 km on the rocky riverbanks in the study site, self-compatibility may contribute to the establishment of new populations.
